In this study we explored a feature-based approach to extract and quantify meaningful and reliable information from images. A total of 1029 quantitative imaging features were extracted. The methods of feature extraction used in this study included two categories: original feature classes and filter classes. Filter Classes included five categories: Wavelet, Square, Square Root, Logarithm, and Exponential. A total of 1029 2D and 3D features from primary tumors in each scan phase. The imaging traits were described in detail below.
Firstorder included 19 features.
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Here, c is optional value, defined by "voxelArrayShift", which shifts the intensities to prevent negative values in X. This ensures that voxels with the lowest gray values contribute the least to Energy, instead of voxels with gray level intensity closest to 0.
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Here, ∈ is an arbitrarily small positive number (≈ 
Where µ3 is the 3rd central moment.
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Kurtosis
Where µ4 is the 4 th central moment.
Notations:
X is an image of N voxels included in the ROI.
Pi is the first order histogram with Nl discrete intensity levels, in which Nl is the number of nonzero bins.
pi is the normalized first order histogram and equal to ∑ (This definition is the same for the following sections).
10Percentile
The 10 th percentile of X.
90Percentile
The 90 th percentile of X Shape features describe the morphological property of the tumor region and were features rated from only the image without filtration. They included 13 features. Sphericity is a measure of the roundness of the shape of the tumor region relative to a sphere. It is a dimensionless measure, independent of scale and orientation.
The value range is 0 < sphericity ≤ 1, where a value of 1 indicates a perfect sphere (a sphere has the smallest possible surface area for a given volume, compared to other solids).
Maximum3DDiameter
Maximum 3D diameter is defined as the largest pairwise Euclidean distance between surface voxels in the ROI.
Also known as Feret Diameter. ClusterShade
Notations: P(i; j) is the co-occurence matrix for δ (distance) and α (angle) p(i; j) is the normalized co-occurence matrix Ng is the number of discrete intensity levels in the image
is the marginal row probabilities
is the marginal column probabilities
is the mean gray level intensity of px
is the mean gray level intensity of py σx is the standard deviation of px σy is the standard deviation of py | 9
is the entropy of px
is the entropy of py
is the entropy of p(i; j)
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| 11 Note: P (i; j) is the size zone matrix p (i; j) is the normalized size zone matrix
Ng is the number of discrete intensity values in the image
Ns is the number of discrete zone sizes in the image Np is the number of voxels in the image GLRLM features included 16 features
RLNN measures the similarity of run lengths throughout the image, with a lower value indicating more homofeaturesity among run lengths in the image. This is the normalized version of the RLN formula 7
RunPercentage (RP)
GLV measures the variance in gray level intensity for the runs.
9
RunVariance
RV is a measure of the variance in runs for the run lengths.
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RunEntropy
Here, is an arbitrarily small positive number (≈ 2:2 × 10 -16 ). RE measures the uncertainty/randomness in the distribution of run lengths and gray levels. A higher value indicates more heterofeaturesity in the texture patterns 11
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